By means of a two-step chromatographic technique propionyl erythromycin. and erythromycin can be separated from the normal blood components and then from each other. The relative amounts of each form of the antibiotic can be determined on bioautograph plates by comparison of the zone sizes with those of a set of reference standards.
then from each other. The relative amounts of each form of the antibiotic can be determined on bioautograph plates by comparison of the zone sizes with those of a set of reference standards.
Using this method, we have found that when propionyl erythromycin is added to blood there is an initial rapid hydrolysis to erythromycin. The hydrolytic rate decreases markedly with time, however, and overall is much slower than in buffer solution at the same pH. The rate of hydrolysis in blood differs with different animal species.
In an earlier paper15 we reported that after the ingestion of erythromycim estolate** the antibiotic appears in the blood stream as a mixture of erythromycin, and propionyl erythromycin.
The previous work involved the use of solvent extraction to remove the antibiotic from the blood and paper chromatography to separate and identify the components, in the extracts. We have now developed a direct chromatographic method that is. more reliable and convenient for determination of the amounts of both the ester and erythromycin in whole blood, serum, or any other body fluid. In this process, all of the antibiotic is measured and there is little if any ester hydrolysis during development. Since the standards used are subjected to the same development procedures as the test samples, any slight hydrolysis in the samples during development is compensated for by a similar change in the standards.
Materials and Methods

Subjects
Blood samples for laboratory experiments were obtained from laboratory personnel.
Subjects were given five doses (250 mg at 6-hour intervals), from commercial lots of erythromycin estolate before the blood samples were drawn. The tests were run as soon as possible, and manytimes the chromatograms were in the first solvent system within Heparinized whole blood, to which a mixture of erythromycin and propionyl erythromycin had been added, was combined with an equal volume of ether.
After thorough mixing, the ether was separated by centrifugation and removedby means of a syringe or pipette. A second fraction of ether was added along with enough 1 n NaOH, to give a pH of 8.5-9.5. The blood was then extracted as before. A third extraction was performed without further pH adjustment. The combined extracts were dried over .anhydrous sodium sulfate and transferred to a round-bottom flask, and the solvent was removed by the use of a rotary evaporator.
The residue was dissolved in a volume of acetone equal to the original blood-sample volume, and this solution was used for chromatographic analysis. Samples of the original and extracted bloods were diluted with 4 volumesof water and were spotted on the same tape as the extracts. A similar extraction was done in duplicate using serum. Again the pH was adjusted to 8.5~9.5 after the first extraction. Samples of the serum (2 jul), the extracts (2 jul) and the residual serums (20 jul) were then developed on the same chromatographic tape.
Results
When samples of diluted whole blood or cells, serum, or plasma containing à"erythromycin and propionyl erythromycin were spotted on chromatographic paper and developed in methanol, the antibiotic fraction was completely removed from the residual blood components and moved with the solvent front (Fig. 1) . If an aqueous system such as solvent No. 2 was used directly, satisfactory separation was not achieved. That the extraction was complete with methanol but not with other commonorganic solvents is shown on Fig. 2 . There was no separation of the antibiotic components during this process (left half of Fig. 3) . Before transferring the partially developed chromatogram to the second system, the upper portion of the tape was cut off to remove the major blood constituents, and, since it no longer contained any active antibiotic fraction, it was discarded. In the second system the antibiotic componentswere separated (right half of Fig. 3 ). Their relative à"concentrations were then estimated from the zone sizes resulting from a Sarcina lutea bioautograph as compared with the zones produced by standard amounts à"of the components in serum developed by the same method. Goodseparation of the components in saliva occurred only if the methanol development was utilized.
Urine samples may be run with the aqueous system alone, but in the experiment reported both systems were used because the urine was spotted on the same tape with the blood samples.
Extraction Studies
A triple ether extraction of whole blood to which a mixture of erythromycin and propionyl erythromycin had been added resulted in incomplete removal of the antibiotic from the blood sample (Fig. 4) . The pH was raised to 8.5-^9.5 between the first and second extractions. The residual activity was predominantly erythromycin while the extract contained a higher proportion of ester than the original blood. It appeared also that at the higher pH (9.5) some antibiotic activity was destroyed. Whenpropionyl erythromycin was dissolved in pH 7.4 phosphate buffer, there was a rapid conversion to the unesterified antibiotic, and after two hours at 37°C the hydrolysis was essentially complete (Fig. 6 ).
Whenpropionyl erythromycin was added directly to whole blood (Fig. 7) and chromatographed immediately, or frozen overnight and then chromatographed, about 10% of the activity appeared as erythromycin.
After two hours at 25°C about 25% base was measured, while at 37°C about 40% of the antibiotic had hydrolyzed to erythromycin. After six hours at 37°C the hydrolysis in whole blood appeared to be at about the same point as that in pH 7.4 buffer after one-half hour. Thus the overall hydrolysis rate in blood was much slower than that in pH 7.4 buffer. The rate of hydrolysis, which was at least 15% per hour in the first 2 hours at 37°C, slowed to less than 3% per hour in the 5th and 6th hours.
The results of a similar study with serum from an individual who had taken erythromycin estolate two hours before are shown in Fig. 8 . Hydrolysis occurred more rapidly at 37°C than at 23°C. Again the rate was much slower than in phosphate buffer. There was little change in the first two hours at either temperature and over the 8-hour period the rate of hydrolysis was about 1% per hour at 23°Cand3% per hour at 37°C. The rapid initial hydrolysis observed in the in vitro whole blood experiment (Fig. 7 , lanes 1, 2, and 3) was not observed in this or other experiments in which the ester entered the blood in vivo. The hydrolytic rate was, however, similar to that in the in vitro studies two hours after the antibiotic was added to the blood. There was no evidence of increased hydrolysis when the assay results from fresh Serum drawn from a subject two hours after the fifth dose of erythromycin estolate and held for the times indicated. samples were compared with those from the same samples after overnight freezing or even after two months at -20°C. Hydrolysis was more rapid in the diluted blood samples ; therefore, such samples were chromatographed as quickly as possible after -dilution.
Whole blood, serum, plasma, cellular fraction, urine, and saliva from one subject were collected 2 hours after the fifth dose. Fig. 9 is a picture of the bioautograph of these samples.
In this study the whole blood, serum, plasma, and urine contained about 20-25% erythromycin and 75-80% propionyl erythromycin. The cellular fraction contained about one-third erythromycin, suggesting that the antibiotic base was adsorbed preferentially by the cells or was formed on the cellular surface.
While for this subject the urine ratio was similar to that of blood, we have found that this is not always true, due perhaps, to pH variations, etc. Saliva levels were low (usually about 10% of the whole blood level) but were 50% or more erythromycin.
In some subjects only erythromycin appeared in the saliva and in general, the saliva contained a greater percentage of erythromycin than the blood.
Propionyl erythromycin was added to whole blood from a number of animal species and from three human subjects. The samples were kept at 37°G for three hours, frozen quickly, and kept cold prior to spotting on the chromatographic tapes.
The rate of hydrolysis varied markedly among species (Fig. 10) . The most rapid hydrolysis appeared in rabbit blood.
There was a less rapid rate in horse, monkey, rat, dog, mouse and human bloods.
There was some variation in the hydrolytic rate in the bloods from different individuals but not as much as between species. Variability in the ratio of erythromycin to propionyl erythromycin also was seen in the bloods from individuals who had taken erythromycin estolate.
Bloods from several groups of individuals drawn at intervals of one-half to 14 hours after the last antibiotic was administered showed only a slight increase in the percentage of erythromycin in the later samples.
Overall about 20~35% of the total antibiotic present was erythromycin and 65^80 % was propionyl erythromycin. To evaluate the accuracy of the method for determining relative amounts of erythromycin and propionyl erythromycin in serum, samples containing varying amounts of the two components were analyzed.
The experiments were run on two successive days and the amounts were determined by two individuals. The results are summarized in Table 1 . No significant day-to-day or analyst-to-analyst variation was observed. Fig. 10 . Bioautograph from whole bloods to which propionyl erythromycin was added. Samples were then held at 37°C for three hours. Lanes1, 5 and 9 were from bloods of three different humans. Hydrolysis of propionyl erythromycin in whole blood of 7 different species during 3 hours at 37°C.
